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The influences of various reagents on head-frequency in regene:rating pieces 
of planaria have been tested by many authorities. 
Child (1911 b) found that the regenerates gave rise to a small head or some-
times to a cyclopia after treating pi~ces of P/anaria dorotocepltala with a1cohol and 
ether. Buchanan (1923) observed the change of head-frequency by treatment of 
pieces of Planaria dorotocephala with chloretone, chloroform, chloral hydrate, ether 
or ethyl alcohol. J{ustia (1925) reported that the frequency of hiaxial head 
formation is increased by· treating short pieces of Planaria lata with HC1, ether or 
chloretone. ·v 
According to l3rrpndsted (19·±2), on the: other hand, lithium chloride has no effect 
on the head-frequency in Planart'a luguhris, but it is effective for the formation of 
supplementary eyes. These results show that the effect of reagents is different 
in different Species and conditions of experiments. 
lt is well known that the action of lithium chloride i~ characteristic in the 
morphogenesis of the sea-urchin and the amphibian eggs. In the present ex-
periment the writer tested the effect of lithil!m chloride on the head-frequency of 
the Dttgesia gonocephala. 
The writer wishes to express his sincere thanks to Dr. I. Motomura, Professor 
of the Tohoku University, for his supervisicn.during the course of this work. 
MATERIAL AND METHOD 
The material used was the asexual form of Dttgesia gonocePhala which was 
collected from the streams in Sendai, late in August of 1948. The size of individuals · 
ranges from 14 to 18 mm. in length. Defore the experiment they were kept 
fasting at least for a week. 
· In the experiments three types of operation were performed. The \Vorms 
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were first clec~pitated at the level <if postcephalic base, and then, the remaining 
part wa> cut mto four p1eces by cuthng at the levels of pharyngeal base, mouth, 
· and at the middle of the postpharyngeal 
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region. Other two types are cutting 
in equal lengths of pieces of decapitated 
animaJs into seven or fifteen. The 
pieces were cultured at room tr.mper-




The experiments of four or seven 
cuts showed the same tc.ndency of the 
.head-frequency on the eighth day 
after the cutting. The rate of head 
regeneration decreases from the ante-
rior to posterior, except the posterior 
portion of the pharynx, where the rate 
increases and then decreases posteriorly 
again (Fig. 2). On the 18th day after 
the cutting, the rate was nearly equal 
in each level as the head was regen-
erated in more than 83 per cent of the 
pieces. No indivirlual of reverst"d polarity was observable throughout those 
experiments. On the contrary, in the experiments of 15 cuts, a few -;pecimens 
with regenerated heads on both anterior ·and posterior sides, biaxial heads, were 
observed in the pieces from the levels of 5th to 13th, and especially .from its 
middle part of the body (Table 1). Those experiments show that it is suitable 
to use the four cuts or seven cuts for the experiment of the head-fr~equency in 
this species. 
·Regeneration in lt".fhium treated p1'eces 
In the experiments of lithium treatment only the method of four cuts was 
used. The pieces were treated with 0.5 per cent LiCl for 1.5, ~. or 5 minutes, and 
then observed on the fifth and seventh day after cutting. The regeneration 
proceeded gradually to form the normal head in those days; that is, the regenerat-
ing heads were mainly in the stages of the formation of one or two eye spots or 
anophthalmia on 5th day, while on the seventh day the normal outline of the head 
was formed in one-third or the pieces (Table 2 ). The regeneration was inhibited 
by treatment with lithium chloride .in comparison with control (Table 2). The 
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tendency of the head frequency in the lithium-treated pieces was nearly the same 
as the control, but the rate of head regeneration was strongly inhibited in the 
A 8 c D 
+------ PREPH --7-E--PHA--)~ POSTPJ!--). 
FiP,". 2. The head-frequency of normal and Li-treated pieces of Dugcsia gonocephala 
obsc~ved ori the nihelii ·day after cutting: \Vhite circles, cutting into four parts; 
solid circles, irltqi sCven parts; cross and dotted line, Li.-treated (3minute) pi~ces. 
Ordinate, percentage of regeneration of normal head: PRE PH, preph~ryngeal reg1on; 
PHA, pharyngeal region; POSTPH, postpharyngeal regiOn. 
Table I 
The biaxial head-frequency in one-fifteenth piece..c;. 
region of 
body 
I anterior half 
of prepharyn-
geal region 
of prepharyn- ph~r) ngca of postpharyn- of postpharyn~ 
posterior hall I , 11 anterior half I posterior half 
gear region regwu geal region geal region 
level of 1 2 3 I 4 5 6 7 8 9 10 11 12 13 '14 15 pieces 
alive ll 9 9 10 8 9 12 6 8 10 7 9 10 12 14 
died 4 6 6 5 7 6 3 9 7 5 8 6 5 3 1 liJ~ _,g normal 11 9 9 10 G 7 9 5 5 7 G 9 9 12 14 s·" head ,P. 
Z() biaxial 0 0 0 0 2 2 3 1 3 3 1 0 1 0 0 
~~ ~-~ ~~ ~~ -~hea~l 0 _-! 7 4 I 
fhe levels of p1eces are shown Ill F1g. 1. 
regions of high.head-frequency in control, that is, pieces A, and C. 
As mentioned above, the biaxial head \Vas formed in the pieces of pharyngeal 
region and its neighh9rhood of the one-fifteenth cut experiments, whil~ it was 
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never the case in longer pieces, such as four cuts or seven cuts. In the experiments 
of lithium treatment the biaxial head was formed in longCr pieces of foi1r cuts, 
Table 2 
Type ·and frequency of regenerated head observed on the fifth and seventh day 
after the treatment with lithium chloride 
"0 "' .:'l "' ~ 
~ 
0 0 0 "' Time .0 0 " I'< §of treatment " il "' 
• 
normal I'< • • " "' obser- with LiCl head § .c • >, >, died • .0 ~ total 
vation 
I'< 0 • ~ 0 0 "' • .0 0 • " :;;; '0 I'< .0 .D ~- •• 0 I'< " 0~ '" • , • I 0 0 • ~ 0"' "'" - • .• 
Cont. ·o 2 4 98 I92 3I 73 0 0 400 
5th day 1.5 Min 0 0 I 36 198 30 132 I 2 400 3.0 Min 0 0 0 20 178 38• 161 I 2 400 
5.0 Min 0 0 0 16 I72 30 I 57 3 22 400 
Cont. 9 94 42 I87 16 28 I4 0 10 400 
7th day 
1.5 Min 5 67 69 I66 33 25 22 0 13 400 
3.0 Min 3 73 6I I65 32 35 IS 0 I3 400 
5.0 Min 0 63 47 147 49 29 3I I 33 400 
Table 3 
The biaxial head, reversed head and biaxial tail~ffreqncncy in the treatment 
of thE' worm with lithium chloride 
~I'~ 
2 eyes 1 eye 2 eyes 1 eye Tail on 
e on on on on on ant. and 
Treatment I ant. ant. ant. post. post post. with LiCl and and 1 and only only Total 
_ post. eye on post. 
s post. 
A 2 2 







3.0 Min B I I c 5 3 8 
D 0 
A 3 3 
5.0 Min B I I c 4 I 5 
D 0 
and even in the pieces from prepharyngeal (A), pharyngeal (B), and anterior 
postpharyngeal (C) regions (Table 3). Three types of biaxial head regeneration 
were observed ; they are, two eyes in ·each head, two eyes in anterior regPnerate 
and one in posterior, ai.1d one in each head. Besides those the head regeneration 
in re:rerse direction, and biaxial tail regeneration were also observed. These 
results show that by the lithium treatment the direction of the· craniocaudal axis 
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of the regenerating pieces was reversed even in relatively long pieces of D. 
gonocephala. 
DISCUSSION 
Tn the present experiment the head-frequency showed the tendency to form 
two peaks, in anterior end a\1d postphri.ryngeal rrgionS. In P. dorotncephala and 
P. maculata, it has been reported that the frequency is high at ·t~.nterior and 
posterior end of the worm (Child, 1911 a). In D. gonocephala and .F. dorotoceplw/a 
on the other hand, Watanabe (1941, 193fi) rep?rted the presence of two peal<s as 
observed by present writer. The tendency o-f head frequency is, therefore, 
different according to the species' used. 
The biaxial head formation has been observed by Morgan (1904), Child 
(1911 a), and Okada and Sugino .(19:!7) in small pieces of P. maculata, P. 
dorotocephala and n. gonncepllala· respectively. As mentioned above the biaxial 
head was formed in pieces of pharyngeal region in one-fifteenth cut experiment. 
The writer's results agree with the regeneration of small piecE:>s in tap water.· 
phenomenon is accelerated in lithium treated pieces of larger size. 
Brqmdsted (1942) observed the influence of lithium on the regeneration of P. 
lugubris and d'rew the conclusion that this chemical is toxic, lowering the 
resPiration, but has no effe~t on· the head-frequency. The last mentionerl fact 
contradicts the writ~:·s _ r.esults. The writer has pu~lished a preliminary report 
on the biaxial head. formation in lithium treated pieces of D. gonocephala (Teshirogi, 
1951 ). And, rece~tly Mifune (1953) also has r.eported the polycephalia and 
heteropolar hE:>ads even when in the regeneration of long pieces of the same species 
by the successive treatment with LiCl and low temperature. The ·writer has the 
opinion that the biaxial head regeneration in lithimn treated pieces is rather easy in 
D. gonocephala. 
SUMMARY 
The effects of lithium chloride on the regeneration and head-fr~quency in 
Dugesia gonocephala were tested. The regeperation was inhibited by treatment 
with lithium ch1oride. The biaxial head, reversed head and biaxial tail \Vere 
formed in relatively long pieces after the treatment with lithium chloride. The 
regeneration of those types was observed frequently in the pieces from the middle 
regions of the worms. 
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